482/805 DWPI - (C) Dement 
AN - 1985-300422 [48] 
XA - C1985-130085 
XP -N1985-223609 

TI - Mandrel alloy for drilling and expanding seamless steel pipe - comprises carbon, 
chromium, nickel, molybdenum and tungsten, cobalt, copper, titanium and/or 
zirconium, silicon and/or magnesium 
DC -M27P51P52 

PA - (SANY-) SANYO TOKUSHU SEIKO KK 

- (HOKO-) SHIN HOKOKU SEITETSU KK 
NP -2 

NC - 1 

PN -JP60208458 A 19851021 DW1985-48 9p * 
AP: 1984JP-0064475 19840331 
-JP89007147 B 19890207 DW1 989-09 
PR - 1984JP-0064475 19840331 
AB -JP60208458A 

Mandrel alloy consists (by wt.) of C 0.14-0.18%, Cr 1-3%, Ni 1-9%, Mo and/or W 
0.3-3% in total, Co 1-2%, Cu 1-2%, Ti and/or Zr 0.2-0.5% in total, Ni/Cr=l-3, and Si 
below 1.5% and/or Mn below 1.5% as deoxidising agent, and balance Fe and 
incidental impurities. 

- ADVANTAGE - Increased durability. (0/6) 
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SPECIFICATIONS 



1. Title of the Invention 

Core Metal Alloy for Piercing or Expanding Seamless Steel Pipe 

2. Scope of Patent Claims 

1. A core metal alloy for piercing or expanding [insertion] a [end insertion] seamless steel pipe 
made from, by weight, 0.1 to 0.25% C, 1 to 3% Cr, 1 to 9% Ni, 0.3 to 3% of a total of one or two types 
of Mo and W, 1 to 2% of Co, 1 to 2% of Cu, 0.2 to 0.5% of a total of one or two types of Ti and Zr, and 
the balance Fe with inevitable trace quantities of impurities, and a weight ratio value for Ni/Cr of 
between 1 and 3. 

2. A core metal alloy recited in Claim 1 characterized by the fact of further containing, by 
weight, according to need 1.5% or less of Si and/or 1.5% or less of Mn and as a deoxidizer. 

3. Detailed Description of the Invention 

The present invention relates to an alloy material for forming a core metal for piercing or 
expansion when manufacturing seamless steel pipes from solid round billets, and further improves the 
alloy in the Patent Application S59-1 1899 [i.e., 1984-1 1899] (Unexamined Patent Application Gazette 
Number S60 [i.e., 1985]) invention. 

As recited in the Specification of the aforementioned antedated application, generally, a core 
metal for piercing a seamless metal pipe is pressed lengthwise by a solid round steel billet heated to 
approximately 1200°C that advances and rotates due to an oblique rolling roll, and piercing is thereby 
made in the axial direction of the steel pipe. A pierced steel pipe pierced in this manner can be expanded 



by a separate core metal for expansion that advances and rotates similarly due to an oblique rolling roll 
being pressed in the pierce hole of the steel pipe heated to approximately 1000°C. 

As a result, high temperature and a high stress act on the surface of the core metal for piercing 
or expansion, abrasion on the surface of the core metal, wrinkling due to plastic flow of the core metal 
material, partial melting damage, or galling or cracks due to seizures with the pipe material occur, 
deformation or damage to the core metal occurring thereby proceed, the life with the number of uses of 
the core metal is comparatively shortened, and the use becomes impossible. 

The properties demanded of an alloy to form a core metal in order to prevent such damage that 
occurs on the surface of core metal for piercing (or expansion) differ as follows according to the type of 
damage. 

(1) In order to prevent the occurrence of abrasion or wrinkling, the mechanical strength of the 
alloy needs to be high at high temperatures. 

(2) In order to prevent the occurrence of cracks, the mechanical strength and extensibility of the 
alloy need to be high at ordinary temperatures. 

(3) In order to prevent the occurrence of partial melting damage, it is necessary to prevent 
partial lowering of the melting point and grain boundary embrittlement from occurring by adding as few 
alloy elements with a low melting point to the bare metal as possible in the composition of the core 
metal alloy, and segregating these alloy elements by grain boundary using solidification segregation and 
grain boundary separation. 

(4) In order to prevent the occurrence of galling and cracks due to seizures, a fine scale needs to 
be formed with an appropriate thickness having thermal insulation and lubrication on the surface of the 
core metal due to scale attachment. 

The object of the Patent Application Number S59-1 1899 [i.e., 1984-1 1899] invention described 
above was to obtain a core metal for piercing markedly superior in duration compared to conventional 
core metals by increasing the mechanical strength and ordinary and high temperatures using solid 
solution hardening of Ni, Mo and W, grain boundary segregating and decreasing as much as possible the 
quantity of C which is a cause of partial solution damage and the quantity of Cr which thins the scale 
layer formed during scale attachment, and decreasing the solubility in the bare metal. 

This object was achieved using an alloy having, by weight, {A} 1 0.1 to 0.25% C, 1 to 3% Cr, 1 
to 9% Ni, 0.3 to 3% of a total of one or two types of Mo and W, and the balance Fe with inevitable trace 
quantities of impurities, and a composition with a weight ratio value for Ni/Cr of between 1 and 3. 

The object of the present invention is to further improve the alloy in the aforementioned Patent 
Application Number S59-1 1899 [i.e., 1984-1 1899] invention, and obtain an alloy for piercing whose 
durability is further improved. 

This object was achieved by adding to the component composition of the alloy of the 
aforementioned invention additives in a ratio of, by weight, 1 to 2% Co, 1 to 2% Cu, and 0.2 to 0.5% of 
a total of one or two types of Ti and Zr. 

Similar to the aforementioned antedated application invention, the additives of either 1.5% or 
less of Si and 1.5% or less or Mn or both may be added as ordinary deoxidizers according to need to the 
alloy composition of the present invention mentioned above. 

Next is a description, which duplicates some of the above description, of the Specification and 
Drawings of Patent Application Number S59-1 1899 [i.e., 1984-1 1899] for the range limitations of the 
composition of each component in an alloy of the present invention. 

C is an effective element for improving the strength of an alloy because it increases the 
mechanical strength of alloys at ordinary and high temperatures by exhibiting various aspects when C is 
melted in bare metal or undergoes heat treatment above the solution point. However, if there is too much 
C, and particularly when co-existing with Cr, the Cr carbide separates at the grain boundary, causing 



1 [Translator's note: Braces indicate sections subject to the amendment following the patent added by the 
translator for ease of reference.] 



grain boundary embrittlement, and the carbide dissolves and absorbs more Mo and W than the bare 
metal, so the reverse effects such as solution strengthening effects of the bare metal due to adding Mo 
and W are caused. 

An alloy for a core metal according to the present invention differs from this sort of 
conventional alloys from a perspective of preventing partial melting damage to the core metal, and solid 
solution hardening is mainly used for mechanical strength at ordinary and high temperatures, so it is 
desirable to have as little contained C as possible. Nevertheless, when the quantity of contained C is too 
little, a need arises to increase the quantity of the contained Ni to maintain the required mechanical 
strength, and this is economically costly. Also, if the quantity of contained C is too little, the liquid 
fluidity decreases, and the castability thereby worsens. 

For an alloy for core metal according to the present invention, the lower limit value of the 
quantity of contained C was set to {C} 0.1% from the aforementioned {B} perspective of economy and 
castability, and the upper limit value was set to {D} 0.25% from the {D} perspective of preventing 
partial melting damage to the core metal for piercing. {E} 

Si is added as a general deoxidizer to alloys according to need to adjust the deoxidation of the 
alloy, but if there is too much Si, the toughness of the alloy decreases, and fayalite (FeOSi0 2 ) is 
generated in the scale, embrittling it during general scale attachment performed to cause a fine scale 
having heat insulation and lubrication to attach to the surface of the core metal for piercing. 

Thus, the upper limit value for the quantity of contained Si was fixed at 1 .5%. There is no 
particular limitation on the lower limit. 

Mn is also added to alloys as a general deoxidizer according to need to adjust the deoxidation of 
the alloy. When there is too much Mn, the scale is embrittled as with the case of Si. 

Thus, the upper limit value for the quantity of contained Mn was fixed at 1 .5%. There is no 
particular limitation on the lower limit 

The comparative rhythm [sic] 2 of Cr and Ni is important, so the reason for the range limitation 
of the Cr and Ni components is given together. 

Cr is an effective element for increasing the mechanical strength at ordinary and high 
temperatures as well as increasing the resistance to oxidation of an alloy when it is melted in the bare 
metal or combined with C to form a carbide. Nevertheless, when the quantity of contained Cr is too high, 
the thickness of the scale layer generated during general scale attachment to cause a scale having heat 
insulation and lubrication to attach to the surface of the core metal become thinner due to an increase in 
the oxidation resistance, and, of the damage described above which is caused to the core metal, galling 
due to seizure of the pipe material occurs frequently. Further, if the quantity of contained Cr is too low, 
the mechanical strength of the alloy at ordinary and high temperatures is decreased, and abrasion, 
wrinkles and cracks occur due to insufficient strength in the core metal. 

Ni is a useful element for dissolving entirely in the bare metal without forming a carbide with C, 
and increasing the mechanical strength at ordinary and high temperatures due to solid solution 
hardening. However, the price of Ni is high compared to Cr, so increasing the mechanical strength of the 
alloy at ordinary and high temperatures with only Ni is costly, and a mechanical strength cannot be 
obtained that is as high as when coexisting with Cr. The adverse effects of the attachment scale layer 
becoming thinner due to scale attachment are far less with adding Ni than with adding Cr. 

Accordingly, adequate mechanical strength at ordinary and high temperatures as well as a scale 
layer with an appropriate thickness was given to the core metal alloy, and in order to maintain economy 
for the alloy, the mechanical strength at ordinary and high temperatures was supplemented and the 
quantity of added Ni was reduced by making Ni which can increase the mechanical strength without 
thinning the scale layer the main component and adding thereto Cr within the tolerable limit 

From the aforementioned perspective, the upper limit of the quantity of contained Cr was set to 
3% so as to not thin the thickness of the scale layer, and the lower limit was set to 1% to supplement the 



2 [Translator's note: "comparative rhythm" is a typographical error for "proportion" in the Japanese source.] 



mechanical strength. The quantity of contained Ni was fixed at three times the quantity of Cr, or in other 
words, the value of the ratio of Ni/Cr was 1 to 3, in order to increase the mechanical strength. 

The basis for fixing the Ni/Cr ratio value of 1 to 3 is next described using the set of curved line 
drawings Fig. 1 and Fig. 2 and the set of drawings Fig. 3 and Fig. 4. Fig. 1 is a curved line drawing 
indicating the effects of the Ni/Cr ratio on the mechanical strength of an alloy at ordinary temperature 
when the quantity of contained Cr is 1.4%; Fig. 2 is a curved line drawing similarly with the effects at 
the same temperature of 900° C; Fig. 3 is a curved line diagram similarly with the effects at ordinary 
temperature when the quantity of contained Cr is 2.8%; and Fig. 4 is a curved line diagram similarly 
with the effects at the same temperature of 900°C. 

As can be seen from these curved line diagrams, the pulling strength and elongation percentage 
at the ordinary temperature needed to prevent cracking, one of the damages causing lowering of the 
duration of core metal for piercing, is ill-suited for preventing cracks when the Ni/Cr ratio is less than 1 
as the pulling strength is inadequate at 45 to 50 kg/mm 2 , and when the Ni/Cr ratio is more than 3 as the 
elongation percentage is lowered markedly. Also, it can be seen that the pulling strength at high 
temperatures necessary for preventing abrasion and wrinkles on the surface of the core metal, another 
type of damage, is inadequate at 5.2 or 5.3 kg/mm 2 when the Ni/Cr ratio is more than 3, and the 
elongation percentage is markedly decreased. 

A determination was made from the above results to fix the selection of the value of the Ni/Cr 
ratio in a core metal alloy according to the present invention to a range of 1 to 3. 

Mo and W are effective elements for increasing the mechanical strength of alloys particularly at 
high temperatures by being dissolved in an alloy bare metal or being combined with C to form a carbide. 
On the other hand, increasing the quantity of contained Mo and W makes the scale layer generated so as 
to be attached to the surface of the core metal through scale attachment fragile. An example of the 
effects of adding Mo and W on the high temperature mechanical properties of a core metal alloy 
according to the present invention is shown in Fig. 5. This curved line drawing indicates the effect on the 
pulling strength and elongation percentage of the alloy caused by a change in the total quantity of Mo, W 
or both at a testing temperature of 9O0°C with a Ni/Cr ratio of 2.0 and a CR volume of 2.8%. 

According to this curved line diagram, there is no effect of increasing the high temperature 
pulling strength until the total additive quantity of either one or two of Mo and W is 0.2%. However, 
with an additive quantity of 0.3% to 1.5%, the pulling strength gradually increases with the increase in 
the additive quantity, and with an additive quantity of 1.5 to 2.0%, the pulling strength increases rapidly 
with the increase in the additive quantity. At more than 2.0%, it can be seen that the pulling strength 
once again changes to a gradual increase. 

With a core metal manufactured according to an alloy of the present invention, when piercing a 
solid round steel billet heated to approximately 1200°C, if the billet material being pierced is simply 
carbon steel, a core metal for piercing according to an alloy of the present invention having an additive 
quantity of less than 1.5% of a total of one or two of Mo and W adequately exceeds the durability of a 
conventional core metal. However, for a special steel such as when the material of the steel billet to be 
pierced is 13% chrome steel or 24% chrome steel, an additive quantity of a total of one or two of Mo and 
W of 1 .5% to 3.0% is required. 

Accordingly, the»additive quantity of a total of one or two of Mo and W in an alloy according to 
the present invention was fixed at 0.3 to 3%. 

Co is an element added to low alloy steels such as a core metal alloy according to the invention 
or a general carbon steel which is unique for lowering the hardenability of steel. 

A core metal for piercing is pressed in a solid round billet heated to approximately 1200°C, so 
the surface temperature of the core metal for piercing immediately after piercing becomes approximately 
1200°C to 1300°C, from the surface to approximately 5 mm inside becomes approximately 800°C, and 
the inside becomes less than 700°C. 



A core metal heated to such a state is cooled to ordinaiy temperature with water immediately 
after piercing, and is then pressed again in a new billet; such heating and cooling is repeated in this 
manner. Through such repetitions, thin tortoise shell type cracks occur in the surface of the core metal, 
and this causes rolling marks to occur on the inside surface of the pierced pipe. Such tortoise shell type 
cracks originate in heat stress caused mainly due to the repeated heating and cooling. 

In general, the heat stress of a steel body with a low hardenability and no quenching 
abnormalities causes compression stress at the surface of the steel body and pulling stress at the center of 
the steel body. In contrast to this, the heat stress of a steel body with a high hardenability and with 
quenching abnormalities causes pulling stress in the surface and compression stress at the center. In 
other words, the distribution of the heat stress switches. In general, repeatedly heating and cooling 
without compression stress becoming quenching abnormalities in the surface leads to less tortoise shell 
cracks. 

The cross-section hardness of a round bar steel billet is measured after it is quenched in water, 
and the size of the hardenability can be expressed as the ratio d/r where d is the thickness of the 
hardened layer whose hardness is 40 or higher on the Rockwell C scale and r is the radius of the round 
bar. In other words, the smaller the d/r value, the lower the hardenability. 

An example of the effect the quantity of the contained Co component has on the d/r value when 
a round bar with a radius of 25 mm according to an alloy of the present invention is quenched in water is 
shown in a curved line diagram of Fig. 6. From this curved line diagram, it can be seen that the lowering 
of the hardenability is remarkable until Co reaches 1.75%, and that the effects decrease when Co 
exceeds 1.75%. 

Thus, the lower limit of the additive quantity of Co in an alloy of the present invention was set 
at 1% from the viewpoint of the effects of hardenability lowering, and the upper limit was set to 2% 
from a perspective that little hardening lowering effects are obtained for the economic increase in cost. 

Cu is an effective element for being minutely separated in bare metal and increasing the pulling 
strength at ordinary temperatures. It is also an effective element for improving the adhesion to bare metal 
for the scale, enriched by the bare metal directly under the scale during attachment of a scale having heat 
insulation and lubrication as described above. If the additive quantity is below 1%, however, the 
improvement of the pulling strength at ordinary temperatures is low, and if the additive quantity is too 
high, the Cu enriched directly under the scale permeates into the crystal grain boundary of the bare metal 
at high temperatures, making the surface layer of the core metal fragile. 

Thus, the lower limit of the additive quantity of Cu for an alloy of the present invention was set 
to 1%, and the upper limit was set to 2%. 

With a preference over Cr, Ti and Zr are combined with C to form a carbide. Unlike a Cr 
carbide, a Ti and Zr carbide has a uniform distribution in the bare metal, and the solubility in bare metal 
at high temperatures is extremely low compared to a Cr carbide, so Ti and Zr are effective elements for 
lowering the partial melting point of the grain boundary and reducing the embrittlement of the grain 
boundary as well as increasing the pulling strength at high temperatures. Further, as a result of the 
decrease in the quantity of Cr carbide because precedence is made for Ti and Zr over Cr in forming the 
carbide, the Cr, W and Mo absorbed in the Cr carbide is decreased, the concentrations of these elements 
in the bare metal are accordingly increased, and the pulling strength of the alloy at high temperatures due 
to solid solution hardening improves. Nevertheless, if the additive quantity of Ti and Zr is too large, the 
liquid fluidity is markedly decreased when dissolving the alloy in air, and the castability when 
manufacturing the core metal is impaired. 

Thus, the upper limit of the additive quantity of a total of either one or two types of Ti and Zr 
[illegible, r?] for an alloy of the present invention was fixed at 0.5% and the upper limit at 0.2%. 

A core metal alloy for piercing a seamless pipe was described above; because a description for a 
core metal alloy for such expansion is exactly the same as that for a core metal alloy for piercing, it has 
been omitted. 

Next, an embodiment is described. 



The compositions of embodiments of core metal alloys for piercing according to the prevent 
invention are indicated in Table 1. The compositions of alloys according to the antecedent Patent 
Application Number S59-1 1899 [i.e., 1984-1 1899] invention as well as conventionally known types of 
alloys are also given alongside. 

A number 10 ordinary temperature pulling test piece according to specification number JIS-Z- 
2201, a high temperature pulling test piece according to specification number JIS-G-0567, as well as 
piercing core metals for an Assel mill with diameters of 69 m/m, 72 m/m and 75 m/m were 
manufactured as raw materials for the alloys of the compositions indicated in Table 1. High temperature 
pulling tests were performed with a 5% strain rate every minute at a temperature of 900°C. Using these 
core metals, piercing tests of two types (C approximately 1% and Cr approximately 1.5%) of actual JIS 
SUJ bearing steel ma£rial (so-called high carbon chrome bearing steel material) were performed using 
the Assel mill. The results of these tests are indicated in Table 2. The durability of the core metal is 
indicated with the average number of piercing holes per core metal for piercing. 

As seen in Table 2, the mechanical strength at ordinary and high temperatures of alloys 
according to the present invention is between 1 .5 and 3 times that of conventionally known types of 
alloys, and it can be seen that it is equivalent or somewhat higher than that of the alloys in the Patent 
Application Number S59-1 1899 [i.e., 1984-1 1899] invention. The durability of a core metal 
manufactured with the alloy of the present invention is sent to be between 2 and 5 times that of a known 
alloy and from between 1 .5 and 2 times that of the alloys of the Patent Application Number S59-1 1899 
[i.e., 1984-1 1899] invention. The increase in the durability of the core metals according to alloys of the 
present invention is due to the effects of the tortoise shell cracks in the surface of the core metal 
decreasing due to the addition of Co to the alloy, the adhesion of a scale due to the addition of Cu, and 
the prevention of grain boundary separation of the carbide due to the addition of Ti and Zr. 



Table 1. Alloy Composition Table (Weight Percent) 
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4. Brief Description of the Figures 

Fig. 1 is a curved line diagram indicating effects of a Ni/Cr weight ratio on mechanical 
properties at ordinary temperatures when the quantity of Cr contained in an alloy of the present 
invention is 1.4%. 

Fig. 2 is a curved line diagram indicating effects of a Ni/Cr weight ratio on mechanical 
properties at a temperature of 900°C when the quantity of Cr contained in an alloy of the present 
invention is 1.4%. 

Fig. 3 is a curved line diagram indicating effects of a Ni/Cr weight ratio on mechanical 
properties at ordinary temperatures when the quantity of Cr contained in an alloy of the present 
invention is 2.8%. 

Fig. 4 is a curved line diagram indicating effects of a Ni/Cr weight ratio on mechanical 
properties at a temperature of 900°C when the quantity of Cr contained in an alloy of the present 
invention is 2.8%. 

Fig. 5 is a curved line diagram indicating effects of adding Mo and W on mechanical properties 
at a temperature of 900°C when the quantity of Cr contained in an alloy of the present invention is 2.8% 
and the Ni/Cr weight ratio is 2.0. 



Fig. 6 is a curved line diagram indicating effects of adding Co on the hardenability of an alloy 
of the present invention. 
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Procedural Amendment 

13 Febmary 1985 

To Director-General Manabu Shiga of the Patent Office 

1. Case identification 

Patent Application Number S59-64475 [i.e., 1984-64475] 

2. Title of the Invention 

Core Metal Alloy for Piercing or Expanding Seamless Steel Pipe 

3. Party amending 

Relation to the case Patent applicant 
Shinhokoku Steel Co., Ltd. 

(and one other) 

4. Agent 

Address Number 17 Building, 1-chome 26-5, Tora-no-mon, Minato-ku, Tokyo 105 Tel. 

03 (502) 3181 [impression of a seal] 
Name (5847) Takehiko Suzue, Patent Attorney 

5. Voluntary amendment 

[impression of a seal, mostly illegible] 2 [= Feb?] 1985 

6. Object of the amendment 

Specification 

7. Details of the amendment 

(1) Correct tho ontiro opooifioation of the Scope of Claims as follows. 

(2) Make the below corrections in the Specification. 

A. 9 lines from the bottom of page 4, correct "0. 1 to 0.25% C" to "0. 14 to 0. 1 8% C". 
The last line on page 6, correct "perspectives" to "experimental perspectives". 
Page 7 line 1, correct "0.1%" to "0.14%". 

Same page line 2, correct "perspective" to "experimental perspective." Correct "0.25%" 
in that same line to "0.18%". ' 
Same page line 3, insert "(refer to the embodiments given below)*' after "piercing." 
Correct Table 1 and Table 2 on pages 19 and 20 as in the attached pages. 
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Table 1. Alloy Composition Table (Weight Percent) 







C 


Si 


Mn 


Cr 


Ni 


Mo 


W 


P 


S 


Co 


Cu 


Ti 


Zr 


Ni/Cr 


Fe 




No. al 






























•4 




a2 






























Same 


13 


a3 






























Same 




a4 






























Same 


mbodime 


a5 






























Same 


OS 






























Same 


a7 






























Same 


w 


a8 






























Same 




a9 
































Same 




i 

ON 

»n 

00 


No. 
1 






























Same 


I e 


£ g 


2 






























Same 




eg S 


3 






























Same 


E « 
o 




4 






























Same 


U 




5 






























Same 






6 






























Same 







7 






























Same 


8 






























Same 


9 






























Same 


• 


•2 






























Same 


9 i 






























Same 



[ l Well-known alloys] 
[* 2 3 Cr-1 Ni cast copper] 
[* 3 1.5 Cr-0.75 Ni cast copper] 
[ 4 Remainder] 



Table 2. Properties 
[see original for figures] 
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[ Well-known alloys] 
[[ 2 3 Cr-1 Ni cast copper] 
[* 3 1.5 Cr-0.75 Ni cast copper] 



2. Claims 

1 . A core metal alloy for piercing or expanding [insertion] a [end insertion] seamless steel pipe 
made from, by weight, 0.14 to 0.18% C, 1 to 3% Cr, 1 to 9% Ni, 0.3 to 3% of a total of one or two types 
of Mo and W, 1 to 2% of Co, 1 to 2% of Cu, 0.2 to 0.5% of a total of one or two types of Ti and Zr, and 
the balance Fe with inevitable trace quantities of impurities, and a weight ratio value for Ni/Cr of 
between 1 and 3. 



2. A core metal alloy recited in Claim 1 characterized by the fact of farther containing, by 
weight, according to need 1.5% or less of Si and/or 1.5% or less of Mn and as a deoxidizer. 
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